. Relates to Figure 1 and shows that the transgenic fish lines reporting runx2, osterix and osteocalcin promoter activity correctly reflect the osteoblast differentiation status during embryonic development. It also shows that the number of Zns 5+ stump osteoblasts is not reduced after amputation, that apoptosis of osterix:nlsGFP+ osteoblasts does not occur more frequently after amputation and that a progressive reduction and shift of GFP fluorescence in osteocalcin:GFP fish occurs after amputation which indicates migration of stump osteoblasts towards the amputation plane irrespective of segment boundaries. Figure 3 and shows that inhibition of FGF signaling via SU5402 does not prevent dedifferentiation of osteoblasts after amputation. The morphology change, downregulation of osteocalcin and osterix, induction of runx2 and Tenascin still take place in SU5402 treated fins.
. Relates to Figure 3 and shows that inhibition of FGF signaling via SU5402 does not prevent dedifferentiation of osteoblasts after amputation. The morphology change, downregulation of osteocalcin and osterix, induction of runx2 and Tenascin still take place in SU5402 treated fins.
Movie S1 (Legend).
Relates to Figure 3 and shows mitotic elongated nuclei which are characteristic for osteoblasts in Histone 2a-GFP transgenic fish (ubiquitously expressing a Histone2a-GFP fusion protein) at 1 dpa.
Movie S2 (Legend).
Relates to Figure 3 and shows a mitotic osteocalcin:GFP+; Histone 2a-mCherry+ cell at 1 dpa which confirms that osteoblasts can undergo mitosis after amputation.
Figure S3.
Relates to Figure 4 and shows that Zns 5 is present in the forming blastema from 1 dpa on, that a certain fraction of osteoblasts in the 2 dpa blastema are osteocalcin:GFP+, that osterix:CreERT2-p2a-mCherry fish express CreERT2 specifically in osteoblasts and gives a second example of GFP labeled osteoblasts in osterix:CreERT2-p2a-mCherry; hs:R to nG double transgenic fish migrating towards the amputation plane. Furthermore it shows that gfp expression can be detected in the forming regenerate of osterix:nlsGFP fish at 2 dpa.
Supplemental Experimental Procedures
Supplemental References Figure S1 . Distally located stump osteoblasts dedifferentiate after amputation.
(A) Transgenic fish lines reporting runx2, osterix and osteocalcin promoter activity. During early larval skull development at 8 days post fertilization (dpf), transgenic runx2:GFP zebrafish show high GFP expression, while GFP signal in osterix:nlsGFP fish is restricted to few ossification centers (red arrowhead points to ossifying operculum). At this stage of development osteocalcin:GFP is hardly detectable beyond background fluorescence. In contrast, the forming head skeleton at a later stage (22 dpf) shows strong osteocalcin:GFP expression while runx2:GFP and osterix:nlsGFP expression are comparatively low. Larval heads are shown in brightfield and fluorescence illumination (GFP), the latter with a constant exposure time. Scalebars 500 µm. (B-C) The number and density of Zns 5+ stump osteoblasts does not change after amputation. (B) Zns 5+ and DAPI staining in uncut fins and the distal stump at 1 dpa shows that the density of osteoblasts does not change after amputation. (C) The average number of Zns 5+ osteoblasts in the distal stump (0 -350 µm proximal to the amputation plane at 1 dpa or equivalent area in uncut fins) is shown ± s.e.m. n = 3 fish each, uncut: 18 sections, 1268 cells, 1 dpa: 19 sections, 1362 cells. Scalebar 20 µm. (D-E) Apoptosis of osterix:nlsGFP+ osteoblasts is a rare event, that does not occur more frequently after amputation.
(D)
Representative examples of osterix:nlsGFP uncut and 1 dpa fin rays stained with an anti-active Caspase 3 antibody. Apoptosis is not detectable in osteoblasts, but in an epidermal cell at 1 dpa (arrow). BF = Brightfield. (E) The average number of osterix:nlsGFP+/active Caspase 3+ osteoblasts in the distal stump (0 -350 µm proximal to the amputation plane at 1 dpa or equivalent area in uncut fins) is shown ± s.e.m. n uncut = 4 fish, 46 sections, n 12hpa = 3 fish, 26 sections, n 1dpa = 4 fish, 26 sections. Scalebar 10 µm. (F-G) Progressive reduction and shift of GFP fluorescence in osteocalcin:GFP fish indicates downregulation of transgene expression and migration of stump osteoblasts towards the amputation plane irrespective of segment boundaries. (F) Timecourse of the same live amputated fin ray as shown in the graph in Fig. 1F . Please note the reduction of GFP fluorescence at 1 dpa (arrow) which is coupled to a progressive distal shift of the signal resulting in a larger GFP negative region close to the segment boundary (asterisk). Scalebar 100 µm. (G) Amputated live fin ray of an osteocalcin:GFP fish at 0 hpa and 2 dpa. Three stump segments proximal to the amputation plane are shown. The distalmost segment has been amputated in its center, which leads to GFP reduction in this and the adjacent stump segment (red arrow). Simultaneously, some GFP signal can be detected covering the former GFP negative segment boundary (asterisk) suggesting that GFP+ cells move distally. n = 5 fish, 43/52 rays. Scalebar 100 µm. (A) FGF signaling is not required for ultrastructural changes in distal stump osteoblasts. Transmission electron micrographs of DMSO and SU5402 treated fins at 1 dpa. In DMSO treated fins, osteoblast nuclei (Nuc) have a rounded shape and are surrounded by extracellular matrix (ECM). In SU5402 treated fins osteoblast nuclei are equally rounded and cells are also surrounded by ECM. Epid = epidermis. Scalebar 2 µm. (B) Gene expression levels in distal stump tissue in DMSO versus SU5402 treated fish at 1 dpa. FGF signaling is not required for endogenous runx2a, runx2b and osterix expression. Endogenous osteocalcin levels are not increased but reduced upon FGFR1 inhibition indicating that osteocalcin maintenance but not osteocalcin downregulation depends on FGF signaling. qRT-PCR on distal most stump segment tissue is shown. For each gene, the expression level is shown relative to the expression in the respective DMSO control. Error bars represent standard deviation of triplicates. n DMSO/SU5402 = 12 fish each. The number of osteocalcin:GFP+ osteoblasts in the distal stump decreases after amputation. The fraction of Zns 5+ cells expressing GFP in osteocalcin:GFP transgenic fins in the distal stump segment is shown at 0 hpa (49 ± 2 %) and 2 dpa (19 ± 4 %). At 2 dpa, 12 ± 2 % of the Zns 5+ cells in the blastema are also GFP positive. n 0 hpa = 4 fish, 18 sections, n 2 dpa = 3 fish, 34 sections. Error bars represent s.e.m.
(C) osterix:CreERT2-p2a-mCherry fish express CreERT2 specifically in osteoblasts. Fin rays of osterix:CreERT2-p2a-mCherry fish shown as wholemounts (left side) and on cryosections co-stained with Zns 5 (right side). The transgenic line reproduces the pattern of osterix:nlsGFP and osterix:mCherry expression: In uncut fin rays fluorescence is especially high at the growing tips and it is upregulated in the regenerating fin. mCherry expression co-localizes with Zns 5 demonstrating that the expression of the line is restricted to osteoblasts only. As in osterix:nlsGFP and osterix:mCherry fish expression is not detected in cells located directly at the segment joints (asterisk). Scalebar (wholemount) 200 µm, scalebar (section) 20 µm. BF = Brightfield. (D) Genetically labeled GFP+ stump osteoblasts in osterix:CreERT2-p2a-mCherry; hs:R to nG double transgenic fish treated with 4-HT more than a week prior to fin amputation migrate towards the amputation plane and cross a segment boundary (white asterisk) on their way towards the regenerate. The same whole mount fin ray is shown at 6 h intervals in brightfield and GFP fluorescence plus the overlay. The amputation plane is indicated by the red dashed line. Scalebar 100 µm. (E) gfp expression can be detected by whole mount in situ hybridization in the forming regenerate of osterix:nlsGFP fish at 2 dpa. n = 5/5 fins.
Supplemental Experimental Procedures
Toluidine blue staining and transmission electron microscopy Fins were fixed in modified Karnovsky (2 % glutaraldehyde + 2 % PFA in 50 mM HEPES; 4°C, overnight), washed 4 x in 100 mM HEPES and 2 x in PBS before decalcification in 0.5 mM EDTA for 12 to 24 hours. After several washes in PBS, the samples were transferred to a microwave-assisted tissue processor (Leica-AMW, equipped with a monomode microwave chamber) and further processed according to the following protocol: PBS (3 minutes at 35°C, 15 W), 1 % osmium tetroxide in PBS (30 minutes at 50°C, 25 W, pulse: 10 seconds MW on, 50 seconds MW off), PBS (4 minutes at 37°C, 15 W), 2 x water (4 minutes at 37°C, 17 W), 30 %, 50 %, 70 % ethanol (5 minutes each at 37°C, 15 W), 95 % and 3 x 100 % ethanol (8 minutes each at 37°C, 15 W, 14 W, 2 x 13 W), epon:ethanol (1:3) and epon:ethanol (1:1) (20 minutes each at 40°C, 11 W), epon:ethanol (3:1) (30 minutes at 40°C, 11 W), 2 x pure epon (30 minutes each at 50°C, 11 W). After the AMW run, samples were transferred to fresh epon overnight, embedded in flat embedding molds and cured at 60°C for 24 hours. Semithin sections were mounted on glass slides and stained with 1 % toluidin blue 0.5 % borax. Ultrathin sections were collected on formvar-coated slot grids and stained with lead citrate and uranyl acetate according to Venable and Coggeshall, 1965 .
Quantitative PCR (qRT-PCR)
For qRT-PCR 2 dpa and 5 dpa regenerates of 11 osteocalcin:GFP fish each were harvested using spring scissors (Fine Science Tools, USA). RNA was isolated using Trizol (Invitrogen). RNA was DNase digested (DNase I, Invitrogen) and cDNA was synthesized with Thermoscript RT (Invitrogen) using a mixture of oligodT and random primers. Simultaneously, -RT controls were generated replacing the Thermoscript RT with water. Relative expression of gfp was determined with the Brilliant SYBR Green QPCR Master Mix kit (Stratagene) in a Stratagene MX 3000 QPCR machine. Rox served as a reference dye at 1:500. Primers used to amplify a 184 bp product from gfp cDNA were ACGACGGCAACTACAAGACC and ACCTTGATGCCGTTCTTCTG. gfp levels were normalized to ß-actin, a 194 bp fragment of which was amplified using primers GAAGGAGATCACCTCTCTTGCTC and GTTCTGTTTAGAAGCACTTCCTGTG. In each reaction with gfp primers 1 µl of undiluted cDNA was used whereas the cDNA used for ß-actin amplification was diluted 1:20. For each sample triplicates were run. Relative expression of gfp was calculated using the 2 (-ΔΔC(T)) method (Livak and Schmittgen, 2001 ). For quantitative PCR at 0 hpa and 1 dpa one fin segment just proximal to the amputation plane of 0 hours post amputation (hpa) and 1 day post amputation (dpa) fins was harvested using a scalpel (11 fish each) and total mRNA was isolated and cDNA produced. The wound epidermis in 1 dpa samples was removed. The following intron spanning primers were used: ß-actin (see above), osteocalcin (154 bp; TGACGTGGCCTCTATCATCA; TTTATAGGCGGCGATGATTC). Quantification of endogenous runx2a, runx2b and osterix levels (for osteocalcin see above) after DMSO or SU5402 treatment was done using the following primers: runx2a (150 bp; GGCTGGAAATGACGAAAACTATT; GGGTTCGTGAATACTGTGATTGT), runx2b (170 bp; ACACCCAGACCCTCACTCAG; GACAGCGGAGTGGTGGAG), osterix (238 bp; GCTCCAATCTTCACAGCACA; GCTGTGGACAGGTTTCTTCC).
mRNA in situ hybridization on wholemounts
Wholemount in situ hybridization was done as previously described (Stoick-Cooper et al., 2007) . runx2b mRNA was detected with a previously published probe (Li et al., 2009 ). For permeabilization, fins were treated with Proteinase K (20 µg/ml; Invitrogen) for 20 minutes. Following staining, fins were transferred to 80 % glycerol on a slide and covered with a coverslip. Pictures were acquired using a LEICA MZ16 FA stereomicroscope equipped with a LEICA DFC490 colour camera or an OLYMPUS MVX10 stereomicroscope equipped with an OLYMPUS DP71 colour camera.
Numbering scheme in the figure legends
Our numbering scheme in the figure legends indicates the number of fish used in the experiment (e.g. n = 5 fish), number of rays and/or slides in case of quantifications (e.g. 5 fish, 10 rays, 55 sections). When statements are made regarding a qualitative experimental observation (e.g. a gene expression pattern) we indicated the number of rays or sections (out of all analyzed rays or sections) in which this observation was made (e.g. 41/58 rays means the observation was seen in 41 out of 58 rays; 19/21 sections means the effect was observed on 19 out of 21 analyzed sections).
